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ABSTRACT
Objective: To develop a Medical Image Assistant (MIA) to aid in the diagnosis and management 
of patients by retrieving previous radiology images from a hospital database (PACS- Picture 
Archive and Communication System) that match radiology images from a new patient. 
Methods: The MIA consists of 3 components. (i) An Image Analysis module for analysing and 
describing image content. (ii) An Information Management System (known as Panaorama) which 
stores the analysed images and contains domain anatomical and pathological knowledge. 
The images and the domain knowledge are organised in a set of taxonomies, each of which 
represents a particular view on the data or represents a particular context. This data and 
knowledge organisation enables efﬁcient access to images with searches made by image 
content and by pathology. (iii) A Graphical User Interface (GUI) that provides access to patient 
data and enables visual display of the images and the results from image-based searching. The 
MIA’s precision and recall were tested using a database of 700 lung images.
Results: The experiments showed that the precision can be improved with restricting the 
number of retrieved images N, and the recall can be controlled with the similarity threshold. For 
similarity >75%  with N = 50, Precision = 100% and Recall = 25%, and for N = 400, Precision 
= 50% and Recall = 100%, i.e. as well as retrieving all images which closely matched the test 
image, additional images were also retrieved. The average speed of retrieval ranged from 0.75s 
when testing was undertaken with 100 images to 2.2s when 700 images were used.
Conclusion: The developed MIA has the capability of storing diverse medical data and 
knowledge and combining this with an efﬁcient method of correlating, integrating and retriev-
ing multimedia medical information. Further reﬁnements of the system are necessary to 
improve its precision and it will also need to be evaluated for a variety of pathologies in 
different organs. The speed of retrieval of images may also need to be improved as PACS 
databases may contain hundreds of thousands of images.
INTRODUCTION
Diseases usually produce structural changes in organs enabling diagnosis of a dis-
ease or condition to be based on pattern recognition. The accuracy of radiological 
diagnosis has been greatly enhanced by the available range of diﬀerent imaging 
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techniques capable of providing high quality, detailed anatomical images. Reports by 
radiologists inevitably describe the key features of an image that support a speciﬁc 
diagnosis and inﬂuence clinical management. 
Several terabytes of medical images are produced every year in hospitals and 
stored in PACS (Picture Archive and Communication System) databases. How-
ever, much of the information in PACS is not fully utilised due to a lack of eﬃcient 
techniques for image access, analysis and exploration. Most current content-based 
image retrieval (CBIR) systems do not work well in medical applications. To cor-
rectly interpret the content of a medical image, a system must be able to accommo-
date anatomical domain knowledge to deal with “quantitative and shape relationships 
of medically relevant structures within an image that are visible to a trained observer”1. 
The same object can be represented diﬀerently in an image depending on the imag-
ing technique used. For example blood vessels will appear as circles or ellipses in 
a cross-sectional Computed Tomography (CT) scan, but as a branching elongated 
structure in a plain X-ray taken with contrast injected in the vessel. In essence “a 
new generation of intelligent database systems must emerge” to eﬀectively manage 
multimedia medical information2. 
In this paper we describe a system designed to assist image-based diagnosis by 
providing easy access to patient images from previously diagnosed and managed 
cases that have similar features to a new case. The system known as Medical Image 
Assistant (MIA), provides eﬃcient image manipulation and retrieval. It uses PACS 
as a primary storage database and creates additional views of the data into its own 
database known as Panorama. MIA uses domain knowledge about human anatomy 
and pathology and knowledge of medical imaging protocols to eﬃciently organise 
the data from the PACS system in Panorama. Image analysis is performed and 
semantic descriptions of the content of the images are generated to support imaged 
based diagnosis at the point of care. 
MIA – MEDICAL IMAGE ASSISTANT
The overall structure of the MIA system is shown in Figure 1. The main components 
are: 
 (i) Image Analysis with computer aided diagnosis (CAD) modules and com-
putational modules for analysing and describing image content.
 (ii) The Panorama Information Management System for storing diﬀerent 
representation of analysed images, i.e. statistical atlases, for storing medical 
domain knowledge, and other patient data.
 (iii) A Graphical User Interface (GUI) that provides access to patient data and 
enables visual display of the images and the results from image-based search-
ing, browsing and image inspection.
Patient images from the PACS (or the hospital) database are sent to MIA for 
analysis using organ speciﬁc CAD systems to generate interpretations of the image 
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content in terms of the imaged anatomy. The processed images are stored in the 
specially designed Panorama database. This possesses knowledge about medical 
imaging techniques, e.g. whether the image is a CT or MRI (magnetic resonance 
imaging) scan, as well as human anatomy, e.g. is the image of the chest or abdomen, 
and pathology, e.g. does the area of interest have a cystic or solid mass. The images 
and the domain knowledge are organised in a set of taxonomies, each of which 
represents a particular view on the data or represents a particular context. This data 
and knowledge organisation enables useful search techniques3:
• Easy access to images both of a current patient and similar previous cases
• Ability to search by pathology and perform other domain speciﬁc searches
• Eﬃcient access to images by content using medical/radiology terminology of 
the image
Figure 1. An overview of the Medical Image Assistant (MIA) structure and its 
components
CAD – Computer Assisted Diagnosis, FMRI – Functional Magnetic Resonance Imaging, GUI – Graph-
ical User Interface, HRCT – High Resolution Computed Tomography, MRI – Magnetic Resonance 
Imaging, PACS – Picture Archive and Communication System.
 1 
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IMAGE ANALYSIS
The Image Analysis component generates descriptions of the content of images for 
image characterisation, classiﬁcation and similarity comparison. Eﬃcient access 
to similar cases can help in diagnosis. Similarity is calculated by extracting a set of 
image features for representing the image content, and comparing the values of those 
features. Feature extraction transforms image data into a set of numerical descrip-
tors, e.g. colour, texture and structure components or as a set of symbolic descriptors 
using medical terms, e.g. calciﬁed spiculated mass. MIA uses two sets of modules to 
generate descriptions of the content of an image. Computational modules generate 
statistical description and CAD modules generate semantic description.
Computational modules for feature extraction and representation of the image 
content generate image representation with global image attributes and local image 
attributes. Global attributes include colour histogram, average colour intensity, and 
texture ﬁrst order. These attributes are calculated for every raw image accessed by 
the MIA system and are used to create global feature vector representation of the 
content of each image. 
MIA uses the Panorama database for storing links to the location of the original 
images, storing the values of the global attributes and storing the value of the global 
feature vector. The global feature vector is used to update the global description 
index. This kind of representation of image content is used by most CBIR systems.
Local image attributes are extracted from a region of interest (ROI) in an image. 
The module for feature extraction can extract 63 image features that represent a set 
of statistical and structural image descriptors. These features include ﬁrst and second 
order texture, grey level diﬀerence and other image features. 
The Computational module performs image characterisation for comparison of 
images by content using the following steps:
 1. Calculate local and global image attributes 
 2. Construct feature vectors 
 3. Calculate similarity between two images or two regions of interest using 
similarity measures 
MIA has four similarity measures, namely Manhattan distance, Euclidean 
distance, Cosine distance and Correlation distance. Which one is used depends on 
the search task and the user preferences. 
The CAD module generates semantic representation of the image content using 
organ speciﬁc image attributes. It is used to segment the anatomy of the imaged 
organ, to analyse the content of the segmented parts and to detect and label areas 
with pathological changes. In the current version of MIA, the CAD module is 
specialised for detecting lung anatomy and pathology in High Resolution Com-
puted Tomography (HRCT) images of the thorax. It automatically segments lung 
anatomy4–6 and detects disease patterns in HRCT images. It generates a symbolic 
description of the image content using medical terminology as used in radiology 
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reporting practice6. The organ speciﬁc image attributes, which represent the seg-
mented data, are stored as XML (extensible markup language) ﬁles and sent to 
Panorama during image insertion. Examples of organ speciﬁc image attributes are 
lung lobes, lung segments, lung ﬁssures and diseased regions. 
PANORAMA
An important part of image retrieval is comparing the content of two images to 
determine the degree of their similarity. Since the content of the images in our 
system is represented by high-level symbolic medical terms, the simple request: “ﬁnd 
all images with similar anatomical feature in the apical area of the lung” translates 
into a complex set of search subtasks. To eﬃciently ﬁnd the images with a particular 
anatomical feature, the system needs to know the anatomy of the lung, so that it will 
perform a search only on a subset of images that belong to the apical part of the lung. 
It should also know what is important for particular features, so that it will know 
how to compare them. Consequently, Panorama needs to store diﬀerent types of 
information represented at diﬀerent levels of abstraction.
Data Representation
High-level representation of the components of Panorama is illustrated in Figure 
1. The main components are grouped into a database and a knowledge base. The 
database, containing information about medical images and other patient data, is 
organised into a few semantic groups. Each semantic group contains data, which 
belongs to a data structure described in the knowledge base. The knowledge base 
includes:
• A data dictionary that stores meta-data of the application model
• Domain medical knowledge, including anatomical atlases 
• A description and classiﬁcation of medical imaging techniques and image 
formats
Panorama employs a data dictionary to store information about the objects, 
about the types of attributes, and the range of attribute values used to describe each 
object. It also stores information about the relationships and the organisation of the 
data stored in the database. The knowledge in the data dictionary enables eﬃcient 
access and well-organised display of data.
Panorama uses an object oriented data representation7. This enables eﬃcient 
implementation of complex object models of medical knowledge. The data and the 
domain knowledge are represented with diﬀerent hierarchies. For example, in the 
image hierarchy, shown in Figure 2 (left), the images are represented, at the ﬁrst level 
with raw and processed images and at the next level, processed images are divided into 
images with computer segmented and user segmented futures. A model of the imaged 
organ is represented with the organ structure at diﬀerent levels of abstraction. Figure 
2 (right) shows the subdivision of the human lung into components.
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Panorama uses an object relational database that provides links from object 
attributes to tables. One particularly useful feature in Panorama is the unlimited 
interconnection of objects and object attributes. This feature enables implementa-
tion of diﬀerent knowledge representation formalisms, i.e. semantic networks and 
frames, which we have used for modeling medical knowledge. 
The domain knowledge stored in Panorama consists of a semantic lung model 
with information about anatomical landmarks and their appearance, and knowledge 
of the surrounding structures of the lungs. It also includes knowledge of lung pathol-
ogy in terms of diseases and disease patterns.
The knowledge about medical imaging techniques is used to organise the image 
data in diﬀerent image categories, for example, an image’s modality, body part and 
disease. This information is usually extracted at image entry from the DICOM 
(Digital Imaging and Communications in Medicine) header. MIA uses part of 
the IRMA (Image Retrieval in Medical Applications) coding system for image 
organisation in the database8. 
Indexes and Filters
Panorama maintains several indexes to enable eﬃcient access to data and to achieve 
a good performance when traversing a large information space. All indexes are 
constructed automatically when each table is created or changed. Since there is no 
restriction on the number of indexes, MIA maintains indexes on all anatomical 
features that are segmented and the diseases that are associated with the images in 
the database.
One of the challenges in implementing an eﬃcient retrieval system based on 
image content is how to perform reduction of the search space. MIA uses diﬀer-
ent ﬁltering techniques for such reduction. By using the knowledge about imaging 
techniques, images are organised in diﬀerent categories. When searching for similar 
images, the modality is used to reduce the search space, by selecting only images 
from the same modality. Next, the information about the body part or the imaged 
organ is used to further reduce the search space. Additional ﬁltering is applied based 
on knowledge of anatomy that helps to select the subset of images that contains 
a particular organ feature. In the case of searches for images with similar disease 
Figure 2. Examples of an image hierarchy (left) and a lung model hierarchy (right)
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patterns, knowledge of pathology is used to navigate through the images, grouped 
by disease patterns, to select only the ones that belong to a particular disease. 
Additional ﬁlters can be deﬁned in Panorama to display only subsets of data 
in the database. Panorama enables an intuitive ﬁlter deﬁnition mechanism. A 
user can build quite complex logical statements by selecting a ﬁeld name from a 
drop down menu, and by selecting a logical operator from the list of the available 
operators. 
GRAPHICAL USER INTERFACE
Radiologists communicate with MIA via a graphical user interface (GUI), which 
consists of a data manager and an image manager. An example of the MIA GUI is 
shown in Figure 3. The data manager is part of Panorama. It provides intuitive tools 
for data management and enables a “panoramic” view of the data. In this view the 
object is displayed with all the objects that it is linked to. The linked objects either 
store additional information about the selected object or are in some neighbourhood, 
for example patients with similar age or similar diagnosis. As shown in Figure 3, by 
selecting a patient ID from the patient list (left side), all data about that patient, 
stored in diﬀerent tables, are displayed simultaneously. 
An image from the patent record can be displayed by double-clicking on the link 
to the image location. The Image manager is automatically activated and displays the 
image (Figure 3). In addition to displaying the current image it enables access and 
Figure 3. MIA Graphical User Interface showing a screen of the data manager 
(Panorama); data selection and display (left) and a screenshot of the image manager 
displaying an image with information from the DICOM header (right)
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viewing of all related images from the same patient or from other patients. The image 
manager is used for a few additional tasks, namely image-based similarity searches, 
browsing through the image database and displaying image search results. 
EMPIRICAL EVALUATION OF THE SYSTEM
MIA enables a range of queries to be performed by users. Searches for similar images 
can be done using global attributes, organ speciﬁc image attributes, a disease region 
and by user deﬁned Regions of Interest (ROI). The system uses the information stored 
with the search image and decides which type of search can be performed. If the search 
image contains only global attributes then the system will ask the users to provide 
weights for the global attributes used in calculating similarity. If the search image 
contains local attributes and organ speciﬁc image attributes the system will lead the 
users to select which features, organ speciﬁc image attribute or disease regions are to be 
used for the search. A user can also draw a region of interest on the image to perform 
a search for images that have similar ROI by position and content. 
To evaluate the system’s performance, we have experimented with diﬀerent types 
of queries to measure recall and precision. Based on preliminary experiments, we 
regarded a similarity degree of 75% to be the minimal amount necessary to achieve 
good matching without missing potential similar cases and not retrieving lots of 
images which did not contain suﬃciently useful information. The database used for 
our experiment contained just over 800 images composed of 774 CT DICOM images 
of the lung and 30 JPEG (Joint Photographic Experts Group) images of the lung and 
the brain (24 JPEG CT images, 4 JPEG MRI images and 2 JPEG X-ray images of the 
chest). As a result of the CAD analysis, 650 CT images had organ speciﬁc attributes 
and 141 CT images had disease regions. 
To test the accuracy of the similarity search we chose a CT image of the lungs 
corresponding to the apical region of the lungs with the search based on organ 
speciﬁc attributes. Figure 4 shows the 8 best results of the search, with the retrieved 
Figure 4. The ﬁrst image from the left is the search image and the second image is 
the most similar one
The ﬁrst 8 most similar images from the resulting set are shown on the right side. The similarity value 
is displayed under each image.
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images presented in descending order of similarity. In all these images the trachea is 
visible conﬁrming that the retrieved images are from the apical region of the lung. 
From the 650 images with both lung boundaries segmented, 201 images were found 
to have similarity of more than 75%. The search performed on all images resulted 
in 30.97% precision and 100% recall. 
To be useful in clinical practice, clinicians should be able to choose the number of 
images they are prepared to view. Consequently the system enables a user to restrict 
the number of returned images (N) from a search result. To analyse the inﬂuence of 
N on Precision and Recall, we repeated the same search using 5 diﬀerent values as 
shown in the table in Figure 5. For each search the system returned N most similar 
images. From the MIA database, out of 650 images with lung boundaries segmented, 
201 images were found to have similarity of more than 75%. The graph in Figure 5 
demonstrates that with increasing number of retrieved images Precision increases 
but Recall decreases.
The eﬃciency of the system in retrieving images was also evaluated. This was done 
by measuring the time to retrieve images with respect to the number of images being 
searched. Searches were performed using global attributes with 100, 300, 500 and 700 
CT images. The table in Figure 6 shows that the search time ranged from 0.49 seconds 
when 100 images were being searched to 2.42 seconds with 700 images.
The graph in Figure 6 shows that when global attributes was used as the search 
term there is an almost linear relationship between the retrieval time and the 
number of images searched. However, when similar image retrieval experiments 
were performed using organ speciﬁc attributes as the search term, there was a non-
linear increase in time to retrieve images as the number of images increased. This 
can be explained by the many attributes that need to be compared. 
Figure 5. The Precision and Recall calculated for searches when the retrieved 
number of similar images was restricted to 50, 100, 200, 400 or 650 images
The behaviour of Precision and Recall in relation to retrieved images is graphically presented. The 
number of all images with segmented lung boundaries is 650 and the number of images with similar-
ity greater than 75% is 210.
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DISCUSSION
In this paper we have described a Medical Image Assistant (MIA) designed to 
improve the functionality of a hospital Radiology database (PACS) by enabling 
eﬃcient image retrieval by content. It facilitates image-based diagnosis by providing 
easy and intuitive access to patient data including all images of an individual patient, 
as well as access to images from similar previously diagnosed cases. One of the chal-
lenges in implementing an eﬃcient retrieval system based on image content is how 
to deal with complex and highly dimensional data. The Medical Image Assistant uses 
knowledge based image analysis for creating less complex semantic representation of 
the image content. It uses knowledge based and other ﬁltering techniques for reduc-
tion of the search space. It also uses the multi indexing capabilities of Panorama for 
quick access to the relevant data.
Panorama, with its sophisticated data management, enables eﬃcient 
implementation of the MIA system and increased the system’s eﬃciency. The distinct 
feature, the unlimited interconnections among the objects and the attributes, enabled 
easy implementation of the complex hierarchical data structures used in the medical 
imaging domain. This also enabled implementation of diﬀerent knowledge repre-
sentation formalisms. Another distinct feature of the system is the view provided 
by Panorama that enables an eﬃcient way of viewing complex patient data. This 
is particularly useful, since MIA stores, in addition to images, also diﬀerent types 
of patient information including demographic data, referral letters, radiology and 
other specialists’ reports. 
The system requires further development to improve its precision. It will clearly 
be impractical for clinicians to review hundreds of cases if these are returned by 
the system. It must however be appreciated that in our test cases we were matching 
Figure 6. The measured times for searches performed on global attributes with 100, 
300, 500 and 700 images
The average retrieval time is graphically presented.
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Number of 
Images
100 300 500 700
Measure 1 0.49 1.14 2.13 2.42
Measure 2 0.85 1.56 1.96 2.40
Measure 3 0.91 1.30 2.13 1.97
Avg. Retrieval 
Time (s.)
0.75 1.33 2.07 2.26
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anatomical images which were essentially disease free and this explains why so many 
matches were returned. We would expect that if the user was trying to match an 
image with pathology in it, the number of matches returned would be much lower. 
Inevitably however the precision and recall of MIA in dealing with diﬀerent patholo-
gies, e.g. cysts, carcinomas, lymphomas, infectious diseases, etc., needs to be evalu-
ated. In addition the speed of retrieval will probably also have to be improved as 
hospital databases will have several thousands of images with new images added on 
a daily basis. Consequently it may take several minutes to retrieve relevant matches. 
Our immediate plans are to add more images to the database for diﬀerent organs 
and to extend the computational capabilities of the MIA system by adding diﬀerent 
statistical analyses to increase the system functionality. We also plan to experiment 
with diﬀerent imaging modalities in order to determine the best set of attributes to 
describe the image content.
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ABSTRACT
Introduction: The adoption of e-learning platforms can offer a number of beneﬁts including 
greater learning ﬂexibility in several arenas including healthcare. The present study aims to 
explore the perceptions of healthcare postgraduate students regarding the adaptability of 
e-learning and Web-based courses.
Methods: The research was based on the four dimensions of the Technology Acceptance 
Model, i.e. Perceived usefulness, Perceived ease of use, Attitude towards use and Behav-
ioural intention. A questionnaire covering these 4 dimensions was created, uploaded on 
a website and the 39 MSc students enrolled in the Healthcare Management and Health 
Informatics at the Faculty of Nursing, University of Athens, Greece, invited to complete it. 
Completed questionnaires were analysed using Partial Least Squares and other statistical 
techniques.
Results: A total of 20 questionnaires were fully completed. Analysis of the results demonstrated 
that postgraduate students appreciate and perceive usefulness and ease of use as key 
factors towards using e-learning platforms and online courses.
Conclusion: The study has a number of limitations including the small sample size. For that 
reason, we conducted a downsized modeling scenario in order to produce observations 
and compare results, in terms of validity. Nevertheless despite these limitations, the current 
study can be useful in helping to guide the development and implementation of e-learning 
initiatives.
INTRODUCTION 
Developments in information and communication technology (ICT) have led to 
innovative methods of teaching and learning. This has occurred both in physical 
terms, since participants and instructors can reside in diﬀerent physical locations, 
but also asynchronously, since the process of lecturing or creation of classes can 
occur independently from a typical class schedule. Since learning is no longer 
restricted to traditional classrooms1,2 or schools, universities and corporations are 
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investing in “developing online alternatives to traditional types of education and train-
ing systems”1. Online courses are gaining momentum as people come to appreciate 
the advantages of online learning3–7 which “include their convenience providing access 
to information, their ﬂexibility adapting to the educational needs of students, and their 
cost-eﬀectiveness, opening educational opportunities to large numbers of students”3.
Despite the fact that the applicability of e-learning within nursing education 
creates several organisational and domain-speciﬁc issues3,8, adoption of e-learning 
is progressing steadily. Currently most approaches are mixed-mode (i.e. a mixture 
of traditional and Web-based teaching) with fully automated Web courses yet to 
be implemented. Several researchers have attempted to empirically investigate e-
learning factors that aﬀect its adaptability from an educational and organisational 
context1,2,4–7,9,10. This is important as study outcomes may be used as a medium for 
investigating students’ perceptions towards technology in education and also as 
a potential decision-making input regarding future incorporation of Web based 
courses in program curricula. 
The aim of the current study is to explore the perceptions of healthcare post-
graduate students regarding the adaptability of e-learning and Web-based courses 
within the MSc curriculum of the postgraduate program in Healthcare Management 
and Health Informatics at the Faculty of Nursing, University of Athens, Greece. 
METHODS
Our study focuses on the exploration of the general attitudes of students to e-learn-
ing, with respect to the theoretical dimensions deﬁned by the Technology Accept-
ance Model (TAM)11. TAM incorporates four main dimensions, namely:
• Perceived usefulness
• Perceived ease of use
• Attitude towards use 
• Behavioural intention 
These dimensions interact and form a set of causal relationships. Speciﬁcally 
perceived ease of use aﬀects both attitude towards use and perceived usefulness, 
which in turn aﬀects attitude towards use11. Attitude towards use aﬀects behavioural 
Table 1. Hypotheses formulation
Hypothesis Description
H1 Perceived Ease of Use positively affects Perceived usefulness
H2 Perceived Ease of Use positively affects Attitude towards Use
H3 Perceived Usefulness positively affects Attitude towards Use
H4 Perceived Usefulness positively affects Behavioural Intention
H5 Attitude towards Use positively affects Behavioural Intention
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intention to use the technology under evaluation whilst perceived usefulness also 
aﬀects behavioural intention. The interaction amongst these dimensions forms the 
basis for our hypotheses testing, as shown in Table 1.
The sample synthesis was formulated from postgraduate students of the Inter-
university Postgraduate program in Healthcare Management and Healthcare Infor-
matics, at the Faculty of Nursing at the National and Kapodistrian University of 
Athens, Greece. 
For the research model, we have adopted a series of standardised metrics from 
previous studies4,12,13. Based on these, eleven questions were constructed to evaluate 
the four TAM Dimensions, i.e. Perceived ease of use (2 questions), Perceived use-
fulness (3 questions), Attitude towards use (4 questions) and Behavioural Intention 
(2 questions) (Table 2). All questions were scored used a seven-point Likert scale 
ranging from exceptional disagreement (1) to exceptional agreement (7). 
The ﬁnal questionnaire was translated into the Greek language and along with 
demographic related questions was posted as a Web-based survey. All students 
enrolled for an MSc in Health Informatics or Health Management were e-mailed an 
invitation to access the questionnaire. The Web survey was anonymous.
Data Analysis
Data was analysed using structural equation modelling, through partial least squares 
(PLS). The statistical analysis software package used was SmartPLS M3 v214. The 
questionnaire responses were also processed using the statistical software SPSS 16.0. 
Cronbach’s alpha (α) coeﬃcient was used to assess the internal consistency of the 
eleven items. 
Table 2. The questions used to evaluate e-learning
Dimensions Questions
Perceived ease of use4
(PEOU)
1. I ﬁnd that online courses are very easy to use
2. I ﬁnd that interacting with online courses doesn’t demand much 
care or attention
Perceived usefulness12
(PU)
1. Using e-learning would enhance my effectiveness in learning
2. Using e-learning would improve my course performance
3. Using e-learning would increase my productivity in my course work
Attitude towards use13
(ATT)
1. The idea of using ILM is: (very bad _ very good) 
2. The idea of using ILM is: (very foolish _ very wise) 
3. Using ILM would be: (very unpleasant _ very pleasant) 
4. Using ILM is an idea: (dislike very much _ like very much 
Behavioural Intention4 
(BI)
1. If I get to use online courses, I intend to use the online courses
2. If I get to use online courses, I expect that I will use online courses 
ILM = Internet-based learning medium
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RESULTS 
Demographics and Mann–Whitney Test Results
Of the 39 students enrolled for the MSc in Health Informatics and Health Manage-
ment, a total of 20 completed the questionnaire. The demographic data for these 
students is shown in Table 3. As can be seen 45% of the sample originated from the 
Health Informatics course and 55% from Health Management. The gender break-
down was 40% male and 60% female. With respect to age, only 10% of the sample 
Table 3. Demographics and other data
Frequency Percentage 
(%)
Frequency Percentage 
(%)
Gender Postgraduate Program
Male 8 40.0 Health 
Informatics
9 45.0
Female 12 60.0 Health 
Management
11 55.0
Age Previous experience of using online courses
20-25 13 65.0 Yes 6 30.0
26-30 4 20.0 No 14 70.0
31-35 1 5.0
36-40 2 10.0
Table 4. Mann–Whitney values for response to each item based on the course that 
the participants were enrolled in
Item Mann–Whitney value Signiﬁcance level (p)
PU1 - Non Signiﬁcant
PU2 25 p<0.05
PU3 - Non Signiﬁcant
PEOU1 13.5 p<0.05
PEOU2 17.5 p<0.05
ATT1 17 p<0.05
ATT2 16.5 p<0.05
ATT3 - Non Signiﬁcant
ATT4 24 p<0.05
BI1 - Non Signiﬁcant
BI2 18 p<0.01
ATT = Attitude towards use, BI = Behavioural intention, PEOU = Perceived ease of use, PU = Perceived usefulness
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was above 35 years old. Overall, 70% of the participants stated that they had no 
previous experience of using online courses.
The diﬀerences from the population mean for the 11-item variables with respect 
to male–female, age, previous use of online courses and postgraduate program 
enrolled for, were assessed using a non-parametric Mann–Whitney U test. Age and 
previous experience with using online courses did not have a statistically signiﬁcant 
inﬂuence on any of the parameters evaluated. Neither did gender with the excep-
tion of the response to PEOU1 (I ﬁnd that online courses are very easy to use), 
where there was a signiﬁcant diﬀerence between male and female responses. How-
ever when responses were classiﬁed according to the course the participants were 
enrolled in, as shown in Table 4, the responses to most individual questions showed 
a statistically signiﬁcant diﬀerence. Only responses to 3 items PU1, ATT3 and BI1, 
were non signiﬁcant. This may be explained by the fact that course specialisation 
does not inﬂuence the level of participants’ perception of the eﬀectiveness of e-learn-
ing, (PU1), or pleasure in using (ATT3) and intention to use (BI1) e-learning.
Factor Analysis
The sample data of 20 responses was examined using a principal components factor 
analysis as the extraction technique, and varimax as the orthogonal rotation method. 
Three commonly employed decision rules were applied to identify the factors under-
lying the 11-item construct: (a) using a minimum Eigenvalue of 1 as a cut-oﬀ value 
for extraction; (b) deleting items with factor loadings less than 0.5 on all factors; and 
(c) a simple factor structure1,15 . 
Table 5. Rotated Component Matrix
Component
1 2
PU2 .921 .025
ATT1 .823 .395
PU1 .817 –.187
ATT3 .776 .112
ATT4 .702 .426
PU3 .696 .042
BI1 .687 .140
ATT2 .522 .338
PEOU1 .066 .847
PEOU2 –.034 .816
ATT = Attitude towards use, BI = Behavioural intention, PEOU = Perceived ease of use, PU = 
Perceived usefulness
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The factor analysis led to two latent factors that explain the 64.22% of the total 
variance of the 11-items in the questionnaire, with eight items belonging to the 
ﬁrst latent factor and three items to the second latent factor respectively, as shown 
in Table 5.
The results are plausible since it seems that participants’ intention to use online 
courses is explained and inﬂuenced by their perceived usefulness of online courses 
and their attitude towards them. In addition expectation of using online courses 
seems to correlate with the ease of use. 
Partial Least Squares (PLS)
The PLS data analysis was entirely based on the results interpretation methodology 
from previous research works16–21. Initially the measurement model was investigated, 
with regards to individual item loadings, internal consistency, convergent validity 
and discriminant validity. Following this, the structural model was assessed based on 
bootstrapping (500 resamples)16–21. The interpretation of t-values followed a two-tail 
test with statistically signiﬁcant levels of p<0.1(*), p<0.05(**) and p<0.01(***)16–19.
In order to address the limited sample size limitation, we decided to conduct 
two distinct PLS scenarios: one with all the indicators in place and another one 
downsized to two indicators per dimension. Despite the fact that PLS analysis may 
be performed in lower samples22, the validity of the ﬁrst scenario is by default ques-
tionable. However, the strategy of the current paper was to comment on the ‘trend’ 
amongst the two scenarios and on any remarkable diﬀerentiations between them.
With regards to the second scenario, we excluded PU3 (Using e-learning would 
increase my productivity in my course work), ATT2 (The idea of using ILM is very 
foolish _ very wise) and ATT3 (Using ILM would be: very unpleasant _ very pleas-
ant). The selected items were chosen based on their low PLS loadings compared 
to the rest of the items within our model, enforced by the corresponding factor 
analysis results. The following sections provide a description of the analysis for both 
scenarios, in terms of measurement and structural model.
SCENARIO 1 – ALL INDICATORS
Measurement Model
The results obtained for scenario 1 are outlined in Tables 6–8. They demonstrate 
that the values obtained for individual item loadings are considered reliable16–20. 
With respect to internal consistency, overall the values for Cronbach’s alpha and 
Composite reliability are greater than the respective threshold values or very close 
to them16–20, with the exception of BI for Cronbach’s alpha. Similarly, Convergent 
validity is conﬁrmed, based on a suitable threshold value for the Average Variance 
Extracted (AVE)23. Finally, discriminant validity also produced reliable results. Thus, 
with the notable exception of BI, the overall model can be considered reliable.
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Table 6. Individual item loadings
Item Loading Item Loading
PU1 0.856  ATT1 0.915
PU2 0.955  ATT2 0.710
PU3 0.799  ATT3 0.815
   ATT4 0.873
PEOU1 0.963  BI1 0.876
PEOU2 0.824  BI2 0.747
ATT = Attitude towards use, BI = Behavioural Intention, PEOU = Perceived ease of use, PU = Perceived usefulness
Table 7. Internal consistency and convergent validity
Cronbach’s alpha (α) Composite Reliability AVE
ATT 0.8501 0.8990 0.6918
BI 0.5006 0.7961 0.6627
PEOU 0.7816 0.8905 0.8036
PU 0.8409 0.9049 0.7614
ATT = Attitude towards use, BI = Behavioural Intention, PEOU = Perceived ease of use, PU = Perceived usefulness, AVE= 
Average Variance Extracted
Table 8. Discriminant validity
ATT BI PEOU PU
ATT 0.8317 0 0 0
BI 0.6185 0.814 0 0
PEOU 0.352 0.3865 0.8964 0
PU 0.7039 0.5096 0.037 0.8725
ATT = Attitude towards use, BI = Behavioural Intention, PEOU = Perceived ease of use, PU = Perceived usefulness
Structural Model
With regards to the structural model (Figure 1), bootstrapping and t-statistics did 
not conﬁrm any particular relation between perceived ease of use and perceived 
usefulness (H1), perceived usefulness and behavioural intention (H4) and attitude 
towards use and behavioural intention (H5). On the contrary, perceived ease of use 
positively aﬀects attitude towards use (H2) with a signiﬁcant relationship (p<0.1) 
and perceived usefulness positively aﬀects attitude towards use (H3) with a very 
strong signiﬁcance (p<0.01). The R2 value for Behavioural Intention to use e-learning 
platforms is 0.393, thus explaining almost 40% of the variance in BI. 
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SCENARIO 2 – SYMMETRICAL INDICATORS PER DIMENSION
Measurement Model
The results obtained for scenario 2 are outlined in Tables 9–11. The values obtained 
for individual item loadings are considered reliable (PU3, ATT2 and ATT3 were 
omitted as mentioned, in order to create a homogeneous model in terms of loadings 
per dimension and consequently limit the sample size requirements to 20 samples). 
With respect to internal consistency, overall the values for Cronbach’s alpha and 
Composite reliability are greater than the respective threshold values or very close to 
them16–20, with the exception of BI for Cronbach’s alpha. Such ﬁndings are very close 
to the results of scenario 1. Similarly, convergent validity and discriminant validity 
are also conﬁrmed as reliable23. 
Structural Model
Regarding the structural model for the second scenario (Figure 2), bootstrapping and 
t-statistics did not conﬁrm any particular relation between perceived ease of use and 
perceived usefulness (H1) but also perceived usefulness and behavioural intention 
(H4). On the contrary, attitude towards use and behavioural intention (H5) was con-
ﬁrmed (signiﬁcant at p<0.01) along with perceived ease of use that positively aﬀects 
attitude towards use (H2) with a very strong signiﬁcant relationship (p<0.01). Finally, 
perceived usefulness positively aﬀects attitude towards use (H3) with a very strong sig-
niﬁcant relationship (p<0.01). The R2 value for Behavioural Intention to use e-learning 
platforms was found to be 0.467, thus explaining 46.7% of the variance in BI.
Based on the outcomes from both scenarios, a major observation is that post-
graduate students appreciate and perceive usefulness and ease of use as key factors 
towards using e-learning platforms and online courses. Speciﬁcally, perceived use-
Figure 1. Results of the structural model for all indicators scenario
0.515
0.692***
Perceived
Usefulness
(PU)
Perceived
Ease Of Use
(PEOU)
Attitude
Towards Use
(ATT)
Behavioural
Intention
(BI)
0.147
0.326*
0.037
R2 0.393R2 0.602
R2 0
R2 0.001
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Table 9. Individual item loadings
Item Loading Item Loading
PU1 0.927  ATT1 0.936
PU2 0.961  ATT2 0.909
PEOU1 0.951  BI1 0.825
PEOU2 0.848  BI2 0.808
ATT = Attitude towards use, BI = Behavioural Intention, PEOU = Perceived ease of use, PU = Perceived usefulness
Table 10. Internal consistency and convergent validity
Cronbach’s alpha (α) Composite Reliability AVE
ATT 0.8255 0.9193 0.8506
BI 0.5006 0.8001 0.6668
PEOU 0.7816 0.8955 0.8113
PU 0.8808 0.9425 0.8913
ATT = Attitude towards use, BI = Behavioural Intention, PEOU = Perceived ease of use, PU = Perceived usefulness, AVE = 
Average Variance Extracted
Table 11. Discriminant validity
ATT BI PEOU PU
ATT 0.9222 0 0 0
BI 0.683 0.8165 0 0
PEOU 0.3776 0.4146 0.9007 0
PU 0.6891 0.4547 0.0125 0.944
ATT = Attitude towards use, BI = Behavioural Intention, PEOU = Perceived ease of use, PU = Perceived usefulness
fulness was given special emphasis, since it produced a very strong signiﬁcant 
relation with attitude toward use of online courses in both scenarios. Additionally, 
perceived ease of use proved to have a signiﬁcant relationship with attitude toward 
use in both scenarios. However the relationship between ease of use and usefulness 
did not appear to be signiﬁcant for either of the two scenarios.
Similarly, the relationship between usefulness and behavioural intention was not 
appreciated. This may be explained by the potential use of e-learning platforms and 
online courses and the lack of a real working framework in place. In line with the 
study ﬁndings, comments from students during completion of the questionnaire 
focused on several important aspects that aﬀect the process of learning, such as the 
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Figure 2. Results of the structural model for the symmetric items scenario
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time availability and the quality of study. Students highlighted the need for “a strong 
support mechanism in both technical and organizational aspects” and the need for “a 
live demonstration of an e-learning platform, prior to the evaluation”, emphasising the 
lack of a real platform or even a prototype. Furthermore, students highlighted the 
need for direct online communication via chat rooms apart from the asynchronous 
means of communication and the accurate and timely update on class material and 
content. Finally students commented that such initiatives should already have been 
implemented.
Overall, such a theoretical acceptance may lead to weak responses regarding 
actual behavioural intention. This is also underlined from the ﬁndings regarding the 
relationship of attitude toward use and behavioural intention. In the ﬁrst scenario, 
the current relationship proved to be insigniﬁcant whereas in the second one we 
found signiﬁcance at the level of p<0.1. 
DISCUSSION
A plethora of empirical evaluation studies on acceptance and success of e-learning, 
indicate its wide adoption as a modern educational method in a variety of industries. 
The current work has attempted to focus on the empirical acceptance of such initia-
tives from postgraduate healthcare students. The primary aim was to determine the 
important factors that inﬂuence the implementation of e-learning in education. The 
results of the study demonstrated that postgraduate students appreciate and perceive 
usefulness and ease of use as key factors towards using e-learning platforms and 
online courses.
The current study has a number of limitations. The research focused on percep-
tion of a technology, and asks participants’ views on future acceptance of such an 
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initiative. It did not involve a real world case scenario and was not oriented around 
a speciﬁc class module. In addition the sample size of the study was small. However 
despite these limitations we believe that the results of the study can be useful in 
helping to guide the development and implementation of e-learning initiatives in 
the healthcare education domain.
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ABSTRACT
Recent developments in the area of information and communication technologies for people 
with special needs has led to signiﬁcant changes in the way specialists and educators can 
address the daily impairments posed by people with abnormal behaviour, such as autism. 
Computer based educative methods are increasingly being considered as a key tool for edu-
cating people with autistic spectrum disorders (ASDs). Recent research has demonstrated 
that persons with autism, especially children, enjoy interacting with computers particularly 
as they are free from the expectations and judgments that make social interaction problem-
atic. Virtual Environments (VEs), usually accompanied by three dimensional (3D) humanoid 
characters have been proven to play an essential role in special education and social inter-
ventions. Emotionally expressive avatars (a computer user’s representation of himself/herself 
or alter ego), can advance the quality of tutor-learner interaction, with unobtrusive wireless 
sensors integrating an autistic person’s feedback and reaction. In this paper we review some 
developments in information and communication technology (ICT) for managing children with 
ASDs and also describe the approach we are taking to developing a platform to enhance 
and mediate the teacher-child educational process.
INTRODUCTION
Over the past few years there have been considerable advances in research on inno-
vative computer technologies for the education of people with special needs such 
as patients suﬀering from autistic spectrum disorder (ASD). Specialists and educa-
tors are ﬁnding that interactive environments can help them to address the daily 
abnormal reactions exhibited by autistic persons1. These include diﬃculties in social 
interaction, communication impairment (both verbal and non-verbal), inﬂexibility 
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in thinking, language and behavioural problems2. In response to everyday situations 
and social interactions, persons with ASD exhibit unique behaviour by reacting 
abnormally to input stimuli. This is exhibited by problematic human engagement, 
restricted interests and repetitive behaviour3. 
A special patient group is autistic children. Previous studies have suggested 
that in this group, education may be considered as the most eﬀective therapeutic 
strategy2,4. To support this strategy, computer tools and in particular collaborative 
interactive environments, such as virtual environments (VE), may be of key impor-
tance. Their suitability for use in children with ASD has been further enhanced by 
advances in the control of input stimuli and the ability to monitor a child’s behav-
iour. For example one manufacturer has developed an interactive computer game 
aimed at enhancing collaboration between multiple ASD users with puzzles used 
for providing both auditory and visual feedback. 
A particular beneﬁcial feature of human-computer interaction (HCI) is that chil-
dren ﬁnd them a “safe” and enjoyable experience. This can be explained by the fact 
that interaction with computers does not pose the expectations and judgment issues 
that are associated with social interaction. Computer systems tend to function in a 
controlled environment with minimal distractions and this makes them an attractive 
option for the education of autistic children5. Consequently this type of interaction 
elicits positive feelings, whereas communication with humans is frequently fraught 
with problems6. The positive feelings appear to be generic and uncorrelated with 
the type of software interface. 
Tutors often report that behavioural alterations during the educational process are a 
common phenomenon among autistic persons7. The person state may be described by 
speciﬁc educational parameters such as the time and the processes needed to complete 
a goal and the percentage of success. Behaviour monitoring during a period of time 
may reveal important factors for the children’s progress. A large portion of traditional 
educational tools employ real world environments, and this makes tasks more diﬃcult 
for autistic children, since they generally require rapid and ﬂexible thinking8. In addi-
tion real world environments cannot be properly controlled because of the inability 
to provide the same set of conditions more than once. 
The aim of this paper is to review recent trends in the education of children with 
special needs and to focus on the work carried out in the Laboratory of Medical 
Informatics at the Aristotle University of Thessaloniki with respect to educational 
issues for autistic persons. 
INFORMATION AND COMMUNICATION TECHNOLOGY (ICT) IN 
AUTISM
Interactive Environments/Software Platforms 
Various interactive environments have been developed for the rehabilitation of chil-
dren with autism. In most of these cases the environments are introduced by means 
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of software educational platforms9,10. In order to provide knowledge in an attractive 
way, these platforms use entertainment content in educational settings (edutain-
ment). Photos of real daily life objects or sketches of them are presented on a com-
puter monitor so as to encourage people with autism to distinguish objects based on 
their size, colour, type, etc. This kind of interactive learning platforms can motivate 
children to correlate the objects with sounds and words. To add to their attractive-
ness, platforms make use of animated pictures or videos. The comprehension of the 
task is supported by verbal and visual (usually Makaton symbols) guidance in order 
to minimise the role of the monitoring teacher11.
Robotic Systems 
Robotic systems are often included in interactive environments12. They have been 
developed as interactive toys for children, and humanoid robots are being used as 
research platforms for studying how a human can teach a robot, using imitation, 
speech and gestures. Increasingly, robotic platforms are being developed as interac-
tive playmates for children. There is evidence that robots generate a high degree of 
motivation and engagement in autistic persons, including those who are unlikely 
or unwilling to interact socially with human educators and therapists13. Studies 
have been conducted over a long period of time allowing children to explore the 
interaction space of robot–human, as well as human–human interaction. Repeated 
exposure to an interactive small humanoid robot has been demonstrated to increase 
basic social interaction skills in children with autism12.
Virtual Environments 
Virtual environments (VEs) are another active area of research for social interven-
tions. Various software platforms with virtual environments geared towards autistic 
people have been developed over the last decade14,15. VEs are able to mimic speciﬁc 
social situations in which the user can role-play. The stable and predictable environ-
ment provides the opportunity for interactions without the anxiety that often aﬀects 
autistic people in social interactions16. VEs oﬀer safe, realistic-looking 3-dimensional 
(3D) scenarios that can be built to depict everyday social scenarios. Recent studies 
have demonstrated the ability of participants with ASDs to use and interpret VEs 
successfully, and learn simple social skills using the technology17. Additionally, one 
of the most important aspects of VEs used by participants with ASDs in educational 
settings is their level of enjoyment. It has been appreciated that persons with ASDs, 
especially children, are more interested in interacting with computers than with 
toys18. Moreover, virtual peers, life-sized, language-enabled, computer-generated, 
animated characters that look like a child, are frequently a part of a virtual environ-
ment19. For example, a virtual peer accompanies a child with ASDs during a game 
or a story telling scenario. 
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Avatars 
An avatar is a computer user’s representation of himself/herself or alter ego and 
is usually in the form of a three-dimensional model in computer games or a two-
dimensional icon (picture) for Internet forums and other communities. In many 
games avatars play an essential role as an instructor. Avatars, as inhabitants of the 
virtual space, can enhance the interaction level in VE. Their behavioural capabilities 
can be envisaged through emotional and facial expressions20. The use of emotion-
ally expressive avatars is of crucial importance in the educational process, since 
their ability to show emotions and empathy, enhances the quality of tutor-learner 
and learner-learner interaction. Emotionally expressive avatars are one of the most 
interesting options to be used in the education of persons with ASDs. Current 
evidence indicates that avatars (whether humanoid or not), can have a positive 
inﬂuence on the educational process18. There is evidence that persons with ASDs 
are consistently able to recognise an avatar’s mental and emotional state through its 
facial expressions18,21. Therefore, “emotionally-aware” computers are considered to 
be a valuable educational technique3. Based on psychological and neurological stud-
ies suggesting that emotions are an important factor in decision-making, problem 
solving, cognition and intelligence in general, signiﬁcant eﬀort has been devoted to 
using ‘emotional’ avatars. Recent surveys among educators of autistic children have 
demonstrated that not only do most children recognise the avatar’s emotional state 
but also the avatar’s emotional state advances their educational process18. The ﬁnd-
ings have also demonstrated that the results are better when the avatar uses a native 
voice18. Apart from instructions the avatar is also responsible for providing feedback 
to the user’s action by displaying the appropriate emotion (happy for success and sad 
for failure). Training studies have suggested that children with autism show greater 
improvements in emotion recognition when programs include cartoons rather than 
photographs of real faces22. 
TEACCH Method
TEACCH (Treatment and Education of Autistic and Communication Handicapped 
Children), is a widely used method for educating people with ASDs. It tries to pro-
vide a controlled environment to autistic children during their normal educational 
process with the aim of not confusing them. The approach of this method involves a 
structured teaching method and the use of visual materials23. In addition, TEACCH 
principles involve changing the behaviour and skill level of the person as well as 
developing an environment that matches the person’s unique needs. The technique is 
based upon the observation that children with autism learn and connect information 
diﬀerently than ‘normal’ children.
A wide variety of interactive and virtual environments support the principles of 
this method by targeting the person’s visual processing strengths, by organising the 
environment and providing a visual conduct to supply information about activities. 
Moreover, visual structure is provided at a variety of levels such as organising areas 
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of the environment, providing a daily schedule using pictures or written words, as 
well as visual instructions and visual organisation signalling the beginning and end 
of tasks. 
Special Input Devices 
To enable people with ASDs to fully interact with computers, additional computer 
input devices are required rather than just a mouse. Research projects have used 
touch screens18 including a multi-user touchable interface that can detect multiple 
simultaneous touches by two to four users24. The latter consists of a table with an 
array of antennas embedded in a touch and gesture activated screen. Each antenna 
transmits a unique signal. The users sit around the table with each user having a sep-
arate receiver, capacatively connected to the user typically through the user’s chair. 
When a user touches the surface, antennas near the touch point couple an extremely 
small amount of signal through the user’s body and to the receiver. This unique 
touch technology supports multiple touches by a single user (e.g. two handed touch 
gestures) and distinguishes between simultaneous inputs from multiple users24. The 
screen is very easy to be used by people with ASDs. Studies in using virtual reality for 
the rehabilitation of people with ASDs include visual devices that represent the 3D 
virtual world25. Alternative interaction methods include remote controllers like the 
Wiimote (part of a commercial game console)26. This device is capable of monitoring 
not only remote button selection but also movements (based on an internal accel-
erometer). Furthermore, external devices are used in order to measure and monitor 
a user’s internal and emotional state through wearable measurement devices27. A 
web camera, eye tracker and data glove can be used for this purpose28. In addition, 
scientists can provide a more attractive virtual world by using video projectors to 
display educational material on the wall of a room29.
As has been mentioned above, TEACCH principles involve changing the behav-
iour and skill level of the person based on his personal unique needs. In order for a 
platform to achieve this goal it has to be capable of recording the user’s interaction/
education process. By properly using records a longitudinal record may be achieved 
indicating “a learning curve” for each autistic person separately, thereby enhancing 
and normalising the educational procedures toward each person’s needs. Educators 
have the ability to track the record of an individual user’s progress and modify the 
diﬃculty levels accordingly.
Our Approach 
At the Laboratory of Medical Informatics at the Aristotle University of Thessaloniki, 
we have been attempting to develop a platform to enhance and mediate the teacher–
child educational process9. We have included a variety of interaction procedures 
according to the disability level of the autistic person and the platform consists of 
several modules. There are modules where the child is asked to identify the correct 
image between two or more images (Figure 1), to put images in the correct sequence 
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(according to time), identify emotions by visual expressions, etc. The more complex 
modules are in the form of semi-virtual environments. The theme of the modules 
varies from objects in their normal surroundings, daily objects and activities, col-
ours, words, etc, which are integrated in sessions. An avatar with synthesised speech 
in the autistic person’s native language has been chosen as the main instructor. Other 
communication forms that accompany the instructor include screen text, the corre-
sponding Makaton symbol and related sounds as options (based on the special needs 
of the person with ASD). Recent research results about emotion are adopted by our 
avatar which can express emotions depending on the situation, e.g. happiness when 
the correct image is selected, sadness if not. The user’s input/feedback is recorded by 
the supporting database system which is integrated into the platform. This enables 
the instruction and the diﬃculty level to be personalised for each user.
Our current interest is mainly geared towards an interactive semi-controlled 
real world environment30. Such an environment consists not only of an interactive 
virtual environment but also objects and data from real life that can be tracked by 
means of wireless sensors. The major diﬀerence between this and VEs is that in the 
semi controlled one the system cannot initialise the environment with the initial set 
of conditions although it can monitor all the performed activities. So, a semi-con-
trolled real world environment is hypothesised to be beneﬁcial for the education of 
autistic children. Furthermore, according to related research it may be a useful tool 
for specialists helping them to better understand abnormal reactions. 
Figure 1. Sample screenshot from our application
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DISCUSSION
This paper has focused on treatment of autism through innovative interactive and 
virtual software or hardware platforms that employ avatars and can simulate real 
world situations, but in a safe and controlled manner. Although autism “treatment” 
using computers was ﬁrst reported over a decade ago31, progressive developments 
in ICT have resulted in renewed focus and interest in using ICT-based approaches 
and methods for the therapy and education of autistic children. As a consequence 
individuals with autism have recently been included as a main focus in the area of 
Aﬀective Computing (AC) or “computing that relates to, arises from, or deliberately 
inﬂuences emotions”32. Technologies, algorithms, interfaces and sensors that can 
detect emotions or express and thereby inﬂuence users’ (autistic persons’) emo-
tions have been developed. Innovative wearable sensors along with algorithms for 
eﬃcient recognition of human aﬀective states in autistic individuals have also been 
developed33. Use of interactive media and wireless expressive dolls have been used to 
help autistic children learn emotions and an educational DVD has also been created 
for the same purpose34,35. 
Inevitably much more work is required to improve success in treating individuals 
with autism. This requires both advances in theoretical knowledge and development 
of practical solutions. With respect to the former greater understanding is neces-
sary of the triad of impairments that characterise autism and also why there are 
diﬀerences in individuals coping with their disability. From a practical perspective, 
many of the existing technologies have limited capabilities in their performance and 
this will ultimately limit their success in the education of autistic persons. This is 
especially relevant for wearable hardware sensors that can provide feedback from 
autistic individuals in the educational process. Much work is required to develop 
reliable emotional, attentional, behavioural or other types of feedback that can be 
used as a suitable educational method for people with autism. Further work is also 
required to provide specialists and educators with information about how autistic 
persons behave in a virtual environment in contrast to the real world.
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ABSTRACT
An important issue in the advancement and deployment of home care telematic services 
is their assessment, especially with the goal of improving such services and making them 
easier to integrate into the social and clinical setting. The meaning that researchers apply to 
assistive environments and telehealth in general, (i.e. a medical innovation or a drug that can 
be prescribed to patients or an information system primarily serving information transmission 
and processing needs), is critical to the method they select for evaluation. In our opinion home 
telehealth has characteristics of an assistive environment and is best evaluated using an 
interpretive approach. In this paper we propose an adapted framework for evaluating home 
telehealth interventions and describe how the Statement on the Reporting of Evaluation Stud-
ies in Health Informatics (STARE-HI) guidelines can be adapted to home care telematics.
INTRODUCTION
Home care telehealth is one of the fastest growing healthcare delivery sectors in 
the developed world. Its importance is being reinforced as the healthcare delivery 
paradigm shifts from doctor and hospital-centred care towards a new model where 
citizens become responsible for the personalised management of their healthcare, 
delivered whenever possible in their own homes. An important issue in the advance-
ment and deployment of home care telehealth services is its assessment. Information 
from properly conducted evaluations is vital to improving such services and making 
them easier to integrate into social and clinical settings. However, assessment is not 
straightforward as to a large extent it is dependent on how telehealth is perceived 
since this inﬂuences the evaluation method.
From a review of the literature we identiﬁed three main perceptions of home 
telehealth. The most dominant perception is that it is analogous to a treatment that 
can be prescribed to patients. Patients may adhere to this ‘prescription’ and use the 
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technology in their homes with an expected positive beneﬁt on their health condi-
tion. In this context the most suitable method to evaluate home telehealth is through 
randomised control trials (RCT) which eﬀectively eliminate spurious causality and 
bias. Indeed most critical reviews in the literature exclude studies that do not use 
RCTs1.
Others, however, believe that the analogy of home telehealth as a prescribed 
treatment has a number of ﬂaws and consequently RCTs are not appropriate to 
evaluate home telehealth applications. Their reasoning is that in the case of a pre-
scribed treatment such as a drug, patients have two options: to adhere to the pre-
scription regime or not to comply with it. However, in the case of home telehealth, 
patients interact with the ICT system and in doing so they ‘enact structures which 
shape their emerged and situated use of it’2. Each patient will draw on their skills, 
power, knowledge, assumptions, and expectations about the technology when using 
it at home and therefore enact a distinctive ‘technology-in-practice’. RCTs focus only 
on certain predeﬁned outcomes and do not take into account any inﬂuence that 
could be attributed to interaction of patients with the ICT system. If this interaction 
signiﬁcantly inﬂuence outcomes, then RCTs are not the most appropriate method 
to evaluate home telehealth. The view of these researchers is that home telehealth 
should be considered as ﬁtting in with the structuration theory model2 and is best 
evaluated using interpretive techniques. 
Another common view is that telehealth should be considered as a technical/
managerial innovation that will reduce the cost of healthcare delivery, and increase 
the productivity of clinicians and the satisfaction of patients (or customers). Based 
on this view evaluation is performed to assess cost eﬀectiveness and productivity, 
and is usually done on a short term basis rather than assessing the long-term value 
of telemedicine3. 
Several researchers have taken the view that home telehealth should be consid-
ered as an information system that is embedded in a clinical/social context. All three 
components of telehealth – technology, people and context – should be included 
in the evaluation and the interplay between them should be examined in depth. 
Pragmatic approaches that consider the organisational context have been proposed 
and qualitative evaluation using semi-structured interviews have been carried out4–6. 
However, most of this work has not employed any theoretical framework to guide 
research and draw conclusions7. Researchers have generally not presented detailed 
descriptions of their method of gathering data and this leads to doubts about the 
credibility of their work and results. 
The present paper has largely been stimulated by the need for evaluating a novel 
telehealth service for the monitoring of home peritoneal dialysis8,9. Based on our 
knowledge and understanding, we believe that home telehealth interventions more 
than any other health information system application, require a holistic, interpre-
tive approach in their evaluation. We believe that this should encompass an overall 
assessment of the telehealth service with the emphasis on an information system 
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embedded in a clinical and a social context, rather than merely being considered 
as a technical innovation or a drug. This paper presents an adapted framework 
for evaluating home telehealth interventions based on an interpretive evaluation 
approach. It is based on the Statement on the Reporting of Evaluation Studies in 
Health Informatics (STARE-HI) guidelines10,11 and shows how these can be adapted 
to home care telehealth using home peritoneal dialysis as an example.
INTERPRETATIVE EVALUATION AND THE STARE-HI GUIDELINES 
In 2004 during a special workshop on health informatics evaluation, concern was 
raised that without proper guidelines for the design, planning, execution, and 
reporting of evaluation studies in Health Informatics, it would be diﬃcult to build 
up a proper evidence base that can be used to make informed decisions regarding 
IT interventions in healthcare. As a consequence the Statement on the Reporting 
of Evaluation Studies in Health Informatics (STARE-HI) guidelines were devel-
oped and published10,11. The STARE-HI guidelines include a comprehensive list of 
principles relevant for properly describing Health Informatics evaluations and rec-
ommends a structured list of items that should be included in Health Informatics 
evaluation reports. The items cover all key aspects of a paper including: Introduc-
tion, Study context, Methods, Results and Discussion. These primary categories 
include more detailed items and the Methods section for example has the following 
seven subsections.
Methods
• Study design
• Theoretical background
• Participants
• Study ﬂow
• Outcome measures or evaluation criteria
• Methods for data acquisition and measurement
• Methods for data analysis
These individual subsections will now be considered with respect to home tel-
ehealth.
Study Design
Statement: This describes the overall study design and the motivation for choosing it.
If we consider the interpretive approach on home telehealth evaluation this 
involves basing the study mainly on qualitative research. In qualitative research the 
aim is to get an in-depth understanding of stakeholders’ actions and the reasons 
underlying these actions, i.e. why stakeholders perform certain actions. Small groups 
are subjected to in-depth investigation to determine the meanings that stakeholders 
attach to home telehealth systems and the interpretation of these meanings. The 
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research questions can be adapted to accommodate unexpected issues. One problem 
with qualitative research is that the people conducting the research are generally not 
considered to be neutral or objective; for example questions can be phrased in a way 
that creates bias. As a consequence caution needs to be exercised when interpreting 
the results of qualitative studies. 
Theoretical Background of the Study
Statement: Where appropriate, state the theories – with suﬃcient references– on which 
the study is based, which guided the selection of the measurement instruments used 
and which form the basis for interpretation of the results (e.g. the user acceptance 
model that guided a quantitative survey or the organizational theories that guided a 
qualitative study).
Evaluation activity that is based on interpretive methods aims “at producing an 
understanding on the context of the information system, and the process whereby the 
information system inﬂuences and is inﬂuenced by its context”12. Two theoretical 
frameworks can be selected to guide the research: 
 (a) The content, context and process framework13 serves to present the evaluation 
activity that was conducted. According to this framework, content describes 
what is to be evaluated, process refers on how the content is evaluated and 
context includes the social, political and economic environment. 
 (b) The ‘structure, process and outcome’ framework14. This evaluation framework 
particularly ﬁts in with our view that the evaluation should be an attempt 
to understand the context, and the interplay between technology-people-
context and as a “continuous learning process rather than a search for judg-
ment”15. 
This evaluation framework views telehealth eﬀects from the three diﬀerent angles, 
i.e. Structure, Process and Outcome at three diﬀerent levels – Systems, Human and 
Organisational (Table 1)15.
At the level of systems functions the evaluation of structure involves the assess-
ment of the technical details of the telemedicine application, the examination of 
the process focuses on the information processing and that of the outcome on 
whether the system as a technological innovation has relevant, applicable and 
reliable results. For the human perspective level, all stakeholders and participants 
in the telemedicine application are included and their acceptability determined. 
Actors may vary from owners, providers, and consumers of the system. In each 
case, the changes in their work conditions, or their behaviour should be assessed 
in the structure layer, their view on the changes in the mode of operation and 
healthcare experience is to be addressed in the process layer while systems eﬀec-
tiveness through the eyes of the diﬀerent actors is judged in the outcome layer. The 
aim is to view the system applying diﬀerent lenses according to the actors’ role in 
it. Finally, at the organisational context level which in the case of telemedicine is 
the healthcare system in the layer of structure, attention is drawn to sustainability 
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Table 1. The Structure, Process and Outcome Framework applied to Home 
Telehealth
Home telehealth 
functions 
Human perspectives Renal disease 
clinic context/
Patients’ home 
context 
Physicians 
- Medical 
personnel Patients Administrators
Structure Are the hardware 
and software 
technical 
requirements 
met? Does 
the system 
work? Does it 
present technical 
problems?
What are the 
changes to 
physicians’ 
and medical 
personnel’s 
working 
conditions and 
practices? Do 
they need to 
obtain new skills, 
and abilities?
Are patients 
required to obtain 
new skills, and 
abilities?
Is the system 
cost-effective?
Could this home 
telehealth system 
be sustained 
and supported 
within the renal 
disease clinic 
context? Could 
it be accepted 
within the home 
context?
Process Is telehealth 
service operation 
correct & valid? 
(collection & 
transfer of 
biometric data, 
communication 
between 
different units, 
presentation of 
telemetry data)
How are 
physicians’ 
and medical 
personnel’s 
mode of 
operation 
changed? Are 
these changes 
seen as desirable 
to them?
How are renal 
patients’ 
behaviour 
altered? What 
are the changes 
in their everyday 
practices at 
home? What is 
the effect on their 
families?
Does it imply 
changes to 
administrator’s 
working 
practices?
Could such 
a system be 
institutionalised?
Outcome Are the functions 
of the telehealth 
application 
usable and 
reliable?
Was their 
effectiveness 
within the health-
care system 
affected?
Does the use of 
the system result 
in changes in the 
perceived quality 
of care/life?
Does the 
system improve 
speciﬁc clinical 
parameters?
Could such a 
system improve 
the health status 
and quality of 
life for renal 
patients?
assessment of systems, while impact on the delivered quality of health provision 
and on the health status of the patients is examined in the process and outcome 
layers respectively.
In our work, we have adopted this model to evaluate home telehealth services9. 
In our adaptation, we have further analysed the framework in order to account for 
the special requirements of the home care environment and its actors. Emphasis 
is given to the human perspective, as in home telehealth applications the patient 
is in their own home without ready, direct access to healthcare personnel and/or 
technical support. Table 1 shows the basic issues that have to be addressed for each 
evaluation angle at every level. It should be noted that depending on the goal of the 
evaluation, not all of the cells in the proposed framework may be relevant. In our 
case the proposed framework was developed and implemented for the evaluation of 
PERKA a novel telehealth service that supports peritoneal dialysis at home8. The aim 
was to understand how various users involved in the service interact with it in the 
Kaldoudi, Chatzopoulou & Vargemezis
298 The Journal on Information Technology in Healthcare 2009; 7(5): 293–303
particular setting of a pilot implementation. The process of evaluation was viewed as 
a learning process used as an input for the advancement of the service and to study 
the interaction of the service with its human and organisational environment.
Participants
Statement: Describe the methods of selection of participating users, patients, units, 
hospitals, etc., including – if applicable –inclusion and exclusion criteria for each type 
of participant in a study.
Interpretive evaluation examines and reports on all groups of stakeholders: 
patients, physicians, nursing staﬀ, technicians, administrators, etc. The focus is 
placed on their interaction with one another and their interaction with the technol-
ogy. A challenging activity in home telehealth service development is the involve-
ment of patients in the design of the system and the evaluation of their interaction 
with the system. The level of users’ participation during the development of an 
information system is seen as a determinant of users’ commitment to the project 
and therefore to their perceived understanding of the usefulness of it and their 
satisfaction with it16–18. The view of patients being expressed by clinicians is not 
enough to get a clear speciﬁcation of their requirements and trigger their active 
participation and engagement in the later stages of service deployment. In the case 
of home telehealth although patients are the key stakeholders they often cannot eas-
ily participate in the development process for two basic reasons. One is that their 
health condition usually doesn’t allow them to participate in long meetings between 
system developers and users, and the other is that getting involved in the develop-
ment process requires them to have signiﬁcant knowledge and understanding of 
information technology terminology. Most patients do not have this and acquiring 
it may cause them confusion and stress. As a consequence involving patients in the 
life cycle model at the stages of requirements speciﬁcation can be considered as 
posing an unrealistic demand. 
To overcome this drawback that patients as users have, we have opted for the 
use of prototyping in order to evaluate patients’ contribution during design19. Once 
a ﬁrst service prototype reaches maturity, it is used in a controlled environment by 
a number of representative patients. The key issue here is the proper selection of 
the controlled environment. In our case, we have chosen the one-day or out-patient 
clinic, where the renal patient on peritoneal dialysis and their relatives often spend 
several hours, in order to re-adjust treatment and to obtain personal re-training on 
peritoneal dialysis. Introducing the service during such sessions within the hospi-
tal/clinic helps patients easily grasp the concept of the service, and do this without 
any technology related anxiety that may arise when they are alone at home. During 
such pilot uses/demonstration of service prototypes, patients have the opportunity 
to express requirements in terms of tangible features rather than abstract concepts. 
Additionally, their needs are captured while at the same time they acquire conﬁdence 
on the usage in the prospective service. 
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Study Flow 
Statement: Give suﬃcient details on date of beginning and end of the overall study and 
any study periods; give clear description and date of intervention.
Evaluation is considered as an activity during all stages from design and develop-
ment (as described above) to implementation and deployment of the technology. It 
is seen by interpretive researchers as a life long learning process that can contribute 
to the understanding of any deﬁcits early enough to make improvements. 
Outcome Measures
Statement: Clearly state outcome measures or other evaluation variables of interest 
that were used in the study.
The key themes under research are presented in the adapted framework in Table 
1 together with a detailed description.
Methods for Data Acquisition and Measurement
Statement: This section should provide suﬃcient detail such that others are able to 
duplicate the study or to use some of the methods for other studies.
Qualitative researchers may use diﬀerent approaches in collecting data, such as 
the grounded theory practice, narratology, storytelling, classical ethnography, shad-
owing, etc. The techniques employed are observation of the diﬀerent stakeholders 
groups, unstructured and semi-structured interviews, documentation review and 
the interaction of researchers with the technology used. 
Interviews can be conducted using the following model. At least one meeting is 
arranged with patients preferably on the day that the intervention is introduced to 
them. Issues on this ﬁrst meeting could be the identiﬁcation of their technological 
competence, their introduction to the new system and to its usefulness. After a week 
of usage a telephone interview can be conducted on issues such as ease of use, user 
satisfaction, how the system ﬁts in with the users’ needs, changes in their practices 
and ways of communication with technicians, or clinicians, their expectations, etc. 
It is suggested that telephone interviews are arranged once a month. These may be 
substituted with home visits, depending on the patient’s health condition and pref-
erences. In a similar manner, medical personnel and administrators’ interviews can 
be conducted, and questionnaires used to identify any problems.
An interpretive evaluation approach should encompass the following aspects:
• The researcher should be present on site to get a proper understanding of and 
grasp the context of stakeholders’ acts and to properly interpret the meaning 
which they give to their interactions 
• The researcher can be biased and thus any competing interests and/or per-
sonal predispositions should be taken into account and reported
Data collection involves the following issues that have to be accounted for and 
discussed: 
• Semi-structured interviews conducted with key stakeholders
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• Interviewees’ views being expressed freely guided by the researchers’ 
themes 
• Researchers’ themes being based on the literature review and on the adapted 
evaluation framework proposed
Methods for Data Analysis
Statements: This section describes the methods used for data analysis. The selection of 
those methods depends on data acquisition methods and study questions. When several 
methods are used, combine the description of data acquisition and data analysis for 
each method.
Analysis of empirical data can be done so as to reveal the relations between actual 
subjective events and the interpretation of reality as observed in the ﬁeld. Some 
indicative steps to follow are identiﬁcation of themes based on the research ques-
tion, classiﬁcation of the information gathered from the interviews based on these 
themes, identiﬁcation of the importance and value of each theme, the relationship 
between them, and the reasons that causes them. Each event should be analysed and 
its connection with the research question should be examined in order to construct 
a logical chain of causes and eﬀects.
DISCUSSION
Investigators of home telehealth applications generally agree that the evaluation 
process is much more complicated than for other telemedicine applications4. This is 
in a large part related to the perception of what kind of intervention home telehealth 
should be considered as. Some take the view that home telehealth is analogous 
to a drug or treatment being prescribed and should be evaluated through ran-
domised controlled trials. Others including ourselves are of the opinion that home 
telehealth has a number of characteristics which makes it unsuitable to be evalu-
ated through RCTs and that it is more appropriate to evaluate it using interpretive 
techniques.
With interpretive techniques it is important to obtain the views of all major 
stakeholders and this presents a number of problems for evaluating home telecare 
applications. Stakeholders are diverse coming from diﬀerent parts of the healthcare 
system with diﬀerent value systems, diﬀerent perceptions of risk and diﬀerent expec-
tations of home telehealth applications. In particular costs and beneﬁts expectations 
may be signiﬁcantly diﬀerent between the various groups of stakeholders. 
Another problem is that home telehealth applications are rarely designed with 
the participation of the most important group of stakeholders, i.e. the patients, fre-
quently because their medical condition does not allow them to readily participate. 
As a consequence whole systems may be developed without patients being asked 
about their needs and preferences. They may then be subsequently expected to use 
a system that does not ﬁt in with their abilities or meet their speciﬁc needs.
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Another important consideration is that in home telehealth interventions, the 
surrounding context varies as patients are alone in their homes and have to cope 
with new information technology. Analysing their behaviour, reactions and resist-
ance to home telehealth should be a major part of any evaluation activity since 
patients are the most important stakeholders. More emphasis on patients’ views 
during evaluation could provide valuable answers to a number of questions that are 
important to development, training and implementation as well as the outcome of 
home telehealth. Some examples of these are:
• How are patients selected to use the proposed home telehealth application for 
pilot/prototype evaluation within a controlled environment?
• Should home telehealth be considered as ‘mandatory’ or ‘voluntary’ usage? 
Can patients be oﬀered the opportunity to choose?
• Should patients be included during the planning stage? 
• What should we know about each prospective patient user before introducing 
them to home telehealth? 
• In general, telehealth aims to broaden the provision of healthcare services 
irrespective of distance to the healthcare centre, thus removing distance and 
place barriers. However, is it possible that home telehealth may be in fact be 
creating a new distinction between patients by excluding from advanced care 
patients who are unable to use information technology? 
Evaluation of pilot projects can produce valuable insights on some of the above 
issues. It can be the starting point of discussions on issues of approaching, train-
ing, involving patients and getting their commitment on home telehealth appli-
cations. Studying the inﬂuence of patients’ cognition, personality, ideologies, 
knowledge, and social situation on home telehealth usage could oﬀer answers 
to both development and implementation issues. Evaluation should aim to iden-
tify which factors are important in aﬀecting patients’ acceptance of home tel-
ehealth. Is it their technological ability, their conﬁdence or anxiety about inability 
to use and control technology or is it their fear of not following their physicians’ 
recommendation. 
Home telehealth interventions more than any other health information systems 
application require a holistic, interpretive approach in their evaluation, emphasising 
the overall assessment of the telehealth service, and seen as an information system 
embedded in a clinical and a social context, rather than seen merely as a technical 
innovation or a drug. To conduct such evaluation a formal framework should be 
described and adopted. Such an example has been presented in this paper, where 
the general “structure-process-outcome” health informatics evaluation framework 
has been adapted for the special case of home telehealth. Special issues pertaining 
to evaluation of home telehealth interventions include patients’ participation in 
the design phase as well as taking into account varying context and related ethical 
issues. This interpretive approach for telehealth evaluation also imposes certain 
requirements for the reporting of the study and its results. Following the STARE-HI 
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guidelines, one should especially take into account certain recommendations when 
reporting on the evaluation method. 
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ABSTRACT
A great deal of effort is being devoted to the implementation of electronic systems in health-
care. In Greece the Information Society Operational Programme (OPIS) has stipulated that all 
systems implemented into health and welfare services systems will be based on operational 
data. In addition it has stipulated that demographic and clinical data for individual hospital 
patients must be transferred from each Hospital Information Management System (HIMS) 
to a national Integrated Information System (IIS). Data transition is however not a simple 
case of generating a complete dataset audit and writing it to audit ﬁles. A HIMS will need to 
identify what data needs to be sent, extract the complete data required and send it in the 
format required by the IIS. Achieving this in practice requires a high degree of ﬂexibility of the 
HIMS, in order that demographic and clinical data for each hospital patient can be properly 
extracted from it and transferred into the new IIS. In this paper we undertake a qualitative and 
quantitative analysis to determine whether the HIMS implemented in our hospital is ﬂexible 
enough to successfully allow the extraction and transfer of data to the IIS. 
INTRODUCTION
Advances in information technology, and the implementation of electronic or e-
health information systems have created an increased demand for patient data by 
institutions and organisations. However, the diversity and complexity of e-health 
information systems combined with the fact that the data requested by diﬀerent 
organisations is variable and subject to change over time, places great importance 
on the ﬂexibility of information systems.
In Greece, the Information Society Operational Programme (OPIS) has stipu-
lated that systems introduced into the health and welfare services systems must be 
based on operational data. They have speciﬁed that demographic and clinical data 
for individual hospital patients will have to be transferred from Hospital Information 
Systems to an Integrated Information System (IIS)1. Data transition is however not 
a simple case of generating a complete dataset audit and writing it to audit ﬁles. For 
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the transfer from HIMS to IIS, the hospital Informatics Department ﬁrst needs to 
identify what data needs to be converted and make plans for the smooth transfer of 
this data between systems as required. This is however a major challenge as many 
hospital information systems are characterised by isolated systems and a lack of 
interoperability. For hospitals to become truly agile, they must develop an approach 
to IT that incorporates ﬂexibility in all aspects and will address any variability or 
uncertainty of the intra-hospital environment2. 
The basic problem is to compare the schema of the HIMS and the IIS and identify 
mappings at both syntactic (structure) and semantic (meaning) levels. At syntactic 
level it is necessary to match character set, language, attribute name, attribute type 
and attribute constraints before dealing with inter-attribute constraints, the formal 
relationships of attributes to entities and the formal relationships of instances of 
entities (represented by entity-entity relationships at a conceptual level). At the 
semantic level it is necessary to deduce (by automated or human means) the intent 
of the database designer in using particular attributes or entity names, and the valid 
values for those attributes. In order for a system to be able to participate in such 
interoperation, variability and ﬂexibility are required at the systems level.
A system’s variability can be deﬁned as its ability to perform a number of transac-
tions, while uncertainty refers to the ability of the system to adjust to future changes 
in a ﬂexible way. There are no general agreements as to what constitutes a deﬁnition 
of ﬂexibility in IT systems. However a previous deﬁnition that takes into account 
the multi-dimensional nature of ﬂexibility in business systems is “its ability to accept 
necessary modiﬁcations without important decrements to its performance”3. Based on 
this deﬁnition we believe that it is possible to evaluate the ﬂexibility of IT systems, 
using both quantitative and qualitative methods.
In view of the requirements to be able to extract clinical and demographic 
data and transfer it to the IIS, the ﬂexibility of the HIMS installed in our hospital 
(a 450 bed general hospital situated in Patras) is an important issue. The HIMS 
was installed about 3 years ago and meets the requirements for a Level 1 Mini-
mally Functional Electronic Medical Record (EMR) environment4. Data in the 
system includes demographic information and clinical data for each patient who 
has attended out-patients or been an in-patient. For example, it contains details of 
the medical department or specialty they attended or were admitted under, drug 
prescription data, primary and secondary diagnoses, medical procedures performed 
in hospital, etc. A key question is whether the HIMS is ﬂexible enough to success-
fully perform any required data transition, as this is a very complex task and must 
be managed from a lot of aspects. This is of great relevance to other hospitals in 
Greece as the nature and extent of these issues and plans vary greatly from hospital 
to hospital even in the same region. 
The purpose of this paper is to perform a ﬂexibility evaluation of the Hospital 
Information Management System installed at St Andrew’s Hospital. The evaluation 
is performed using both quantitative and qualitative methods. 
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THE EVALUATION OF FLEXIBILITY 
At present there is no agreed consistent structured approach to measure the ﬂex-
ibility of a system but parameters used by previous researchers include performance 
criteria and the multi-dimensional approach5. We have decided to use performance 
criteria for quantitative evaluation of ﬂexibility through query design of the Database 
Management System (DBMS), and the multi-dimensional approach for qualitative 
evaluation of ﬂexibility through the variety of distinct dimensions. 
THE QUANTITATIVE EVALUATION OF THE HIMS 
If ﬂexibility is regarded as an internal property of any system, a possible measure 
of its evaluation can be considered as a function of the inner characteristics of 
the model. Inner characteristics are considered the allowable options during the 
performance of queries and table modiﬁcation as well as transactions, while the 
speciﬁc value of ﬂexibility is proportional to the number of possible options. Since 
any available option is dependent on the degrees of freedom (DOF), namely the 
number of values in the ﬁnal calculation of a statistic that are free to vary, then the 
ﬂexibility index (FI) of the model can be obtained by a mathematical formula (the 
Kumar formula) which takes into account the degrees of freedom and the number 
of available options6.
For example suppose we want to identify the ﬂexibility value of a query to iden-
tify all fully qualiﬁed female nurses working in a speciﬁc department (dept). To do 
this we would need to conduct a query that involves the three tables, staﬀ, dept and 
education_level. Figure 1 depicts the query design algorithm with the education level 
set as TEL (Tertiary Education Level) which corresponds to a nurse having achieved 
her Bachelor of Nursing degree.
On the assumption that the appropriate keys in the appropriate tables exist, the 
above query can be executed in one of the following 2 ways:
Option 1: Retrieve all women nurses ﬁrst. Then associate or join the women 
nurses with the respective medical department (dpt_name) to the department table, 
select nurse_name, dpt_name, b_category
from staﬀ, dept, education_level where 
name = : nurse_name and dept = : dpt_name
and education_level = : ‘TEL’ and sex =: ‘female’ ;
commit;
Figure 1. The Query design algorithm
dpt or dept = Department, TEL= Tertiary Education Level 
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and thereafter join them along with their respective departments to the education 
level ‘TEL’. Consequently during the query execution the tables are searched in the 
following order:
staﬀ → dept → education_level 
Option 2 - Retrieve all nurses that belong to the education level ‘TEL’. Then join 
them with the respective medical department (dpt_name) to the department table, 
and thereafter associate them to the sex ‘female’. During this query execution the 
tables are searched in the following order:
education_level → dept → staﬀ
The diﬀerence between these two possibilities is that option 1 ﬁrst associates or 
joins the staﬀ to the medical department and then combined staﬀ and department 
to education_level, whereas option 2 ﬁrst associates education_level to the medical 
department and then the two combined to female staﬀ. Thus in the above query two 
DOF exist and so its ﬂexibility index would be calculated based on n = 2. 
A key question is which of these 2 options will return the answer faster. This is 
important for formulating an optimal strategy for executing search queries as in the 
medical domain there is a vast amount of information, which may aﬀect the per-
formance of queries impacting on their eﬃciency and eﬀectiveness. Consequently 
proper execution plans for queries should be systematically developed and used in a 
variety of ﬂexibility perspectives, to enable information from queries to be returned 
as eﬃciently and quickly as possible. 
To facilitate this aim, the DBMS allows the Database Administrator (DBA) to 
test any query through the SQL (Structured Query Language) editor. This provides a 
variety of statistics such as the elapsed time, execution time, and the total number of 
I/O (input/output) requests in completing a query command. Through these statis-
tics, it should be apparent which rows of the associated tables satisfy the conditions 
of the query, and whether all rows actually need to be read or only some of them. 
This knowledge can help to improve the eﬃciency of queries and return answers 
quicker. In addition, particular assumptions must be provided for the data. In most 
cases users are not aware and need not be aware of the structure of the tables, i.e. 
they do not need to know exactly how many rows join from one table to another, 
or in the event that two associated tables have diﬀerent numbers of rows, on which 
table the estimated result is based on. 
The DBMS is ﬂexible enough to use an optimisation utility that is able to calculate 
the cost of particular queries, creating information about data distribution and key 
rows7. This utility is frequently run during oﬀ-peak times by the DBA, especially 
in large tables, like patient demographics, in order that the DOF of the queries is 
increased together with the avoidance of hidden performance problems. However, 
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during optimisation of a table, the DBMS not only locks this table for a short time, 
but also creates a temporary table that may require more time and more disk space 
and this is the main reason that optimisation should run during oﬀ-peak times. This 
shortcoming is addressed by the fact that during optimisation, the tables on which 
queries statistics are created are not locked, so providing ﬂexibility of queries. 
Another consideration is what happens when table modiﬁcations are running 
after an optimisation as before running an optimisation the DBMS always prefers a 
Finite State Machine (FSM) join. The question arises as to whether after a Key join 
is chosen, is the query execution strategy reliable enough? From a cost perspective 
a Key join is preferable to a FSM join, hence the query results may not be correct8. 
From this point of view, the concurrency of queries that involve transactions is 
threatened in the case that they have been left in an open state during the transac-
tion execution. In this situation the HIMS ﬂexibility could be accomplished via the 
discernible dimensions of the ﬂexibility, which is explained below. 
QUALITATIVE EVALUATION OF THE HIMS FLEXIBILITY 
Qualitative evaluation of the model’s ﬂexibility can be accomplished via the follow-
ing discernible dimensions of ﬂexibility9:
Routing ﬂexibility: A routing ﬂexibility is deﬁned as the phenomenon whereby a 
piece of data may take a variety of alternative paths through a system, visiting vari-
ous machines during its preparation and transmission, and thus accommodating 
changes in machine availability10. The HIMS is in an appropriate way designed in 
order to use alternatives paths, through diﬀerent machines and procedures. Speciﬁ-
cally, it could be applied in more than one server, via buﬀers of the cache memory 
that microprocessors can access more quickly, in order that replicas of any statement 
and data can be stored from the main memory through the Distributed Multi-Cache 
Management (DMCM). 
However, access to patient data may be prohibited in many cases, due to the 
increasing number of users of the hospital information system and growing demands. 
For example, if data on a blood specimen request is not properly read by the labora-
tory barcode reader, a deadlock may be created and all the processes of one set may 
continue to wait indeﬁnitely11. To address and properly retrace possible deadlocks, 
some internal mechanisms are applied in the DBMS, such as decreasing CPU (Cen-
tral Processing Unit) usage by putting some limits on the pages that join queries and 
by data compression. The DBMS is ﬂexible enough to accept data compression in 
some tables, but problems have been highlighted with this technique. For example, 
after compressing the patient demographic table from ﬁfteen pages to seven, we 
ran a query to select speciﬁc patients under deﬁned conditions. The query execu-
tion required only seven disk I/O operations, instead of ﬁfteen, and this produced 
a dramatic improvement in performance of the table scans. However, an overhead 
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problem was created the moment this table was updated. According to the Ingress 
Administration Guide, this problem occurs due to the size of the updated rows, 
since if an updated row has a larger size than its size before compression, then this 
row does not ﬁt to the same place of the page and thus needs to be moved to a new 
one7. As a result a piece of data may take a variety of alternative paths through a 
system reﬂecting the routing ﬂexibility, but only in some data cases, such as small 
size tables and tables that are not frequently modiﬁed. In addition, routing ﬂexibility 
of the HIMS is ensured through the usage of symmetrical multi-processors, to which 
the DBMS server properly allocates the computational time into several CPUs, thus 
providing greater throughput and scalability. 
Flexibility of priorities: The HIMS is ﬂexible enough to handle and properly assign 
data and especially pages cache priorities by speciﬁc step-form algorithms within 
the DBMS manager. More analytically, cache priorities are carried out by denoting 
any priority as an integer whose values are bounded into the interval [0,8], where 0 
represents the lowest and 8 the highest priority11. 
The syntax for assigning a ﬁxed cache priority table is represented by the algo-
rithm shown in Figure 2.
Dynamically changing priorities may result in multiple diﬀerent queries of patient 
records, for example to conduct epidemiological studies. To facilitate this it is desir-
able to be able to change the systems deﬁned query priority into a user-deﬁned func-
tion with values bounded into the interval [0,8], to create a prioritisation mechanism 
that assigns top priority to the most frequent query. Unfortunately, the alteration 
from low to top priority in speciﬁc reports has created problems. We have identiﬁed 
that in some cases it causes locking of the joined tables for a prolonged period and 
occasionally disconnection of on-line users. 
 
Figure 2. The cache priority table creation algorithm
create table : table_name
with priority = ‘cache_priority’
create index : index_name
with priority = ‘cache_ priority’
modify : table_name to priority = ‘cache_priority’
modify : index_name to priority = ‘cache_priority’
modify : table_name to stor_struc
with priority = ‘cache_ priority’
modify : index_name to stor_struc
with priority = ‘cache_ priority’
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Process Flexibility: This type of ﬂexibility is deﬁned as the ability to produce a given 
set of speciﬁed data types, each possibly using diﬀerent systems in several ways12. 
Since many operating systems support asynchronous input/output (I/O), the DBMS 
server allows the usage of I/O slaves and in-process asynchronous I/O, providing 
performance improvement. The main beneﬁt of process ﬂexibility for the DBMS is 
that the disk I/O should never cause the server to block while there is other work 
pending. All disk I/O requests pass to separate processes that represent the I/O 
slaves, which perform the task synchronously and notify the server when it is com-
pleted, providing a more ﬂexible way to achieve non-blocking I/O7. In addition, the 
relevant notiﬁcations are provided by speciﬁc context switches, which have a lower 
cost within the processes compared to switching between processes. 
Apart from the beneﬁts of the disk I/O performance, we tested ﬂexibility in a 
variety of diﬀerent types of DBMS processes. For example, hashing processes are 
not ﬂexible enough to retrieve data under some speciﬁc conditions, due to possible 
overﬂow pages that are related to the main page. 
To illustrate this consider a patient_insurance table modiﬁed as a hash table 
on the ﬁeld “insurance” with a query designed to ﬁnd patient data about patients 
who belong to insurance number 55, where 55 is the key index for the IKA (Social 
Insurance Institute). At ﬁrst and for simplicity, we have used the hashing function 
h(k)= k modulo12 , where 12 main pages are chosen from the hash table, in order 
to determine the rows of the main page that register patients with insurance number 
55, through the hashing algorithm:
Main page = KEY mod 12 = 55 mod 12 = page 7. 
Page Insurance number Name
0 24 Tina
1 49
25
Maria
Rosa
2 50
62
Nikos
George
3 … …
4 … …
5 … …
6 … …
7 19
31
43
55
Peter
Gabriel
John
Tom
Overﬂow chain for page 7
                 43        Fiona
                 67         Alex
Figure 3: The modiﬁed hash table
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In addition, only four rows per page are displayed by default. Thus we receive a 
modiﬁed hash table, as shown in Figure 3. 
Consider a query that aims to retrieve patient data about patients who belong 
to insurance number 55. In this instance the result is given quickly directly from 
page 7, without needing the whole table to be searched. However, if instead of 55 we 
try to ﬁnd all patients who belong to insurance indexed by number 67, due to the 
overﬂow chain for page 7, we get no result, although the patient should have been 
found on page 7. To overcome the problem we have had to redesign the query so 
that not only the main pages but also the overﬂow pages are searched, but this slows 
processing time and reduces the ﬂexibility in hash processes. Perhaps modiﬁcation 
of tables into a heap instead of a hash could increase the process ﬂexibility, but this 
modiﬁcation needs to be tested as it may disrupt the concurrency of the scheduling 
tables. 
Operation Flexibility: This can be deﬁned as the ability to interchange the ordering of 
several operations for each data type12. The DBMS can easily be applied to diﬀerent 
operation systems, like UNIX, Microsoft Windows-NT and Virtual Memory System 
(VMS), on the basis that any terminal can be recognised into the Forms Run-time 
System (FRS)13. In addition, more than one database can be run, which can be placed 
in several locations of diﬀerent areas, while various permutations of the expansion 
of a database by the allocation of the tables and indexes in more than one area are 
permitted except for the catalog system. 
Saving archives and data in diﬀerent areas or hard disks can facilitate the ﬂexibil-
ity of management of data, since data are strongly protected in case of disk violation, 
while the sorting of archives is ensured during the procedures of modiﬁcation and 
copy and execution queries. Through the expansion of the database, many work 
locations are accomplished, as long as the expansion is provided on diﬀerent disks, 
aiming to avoid excessive segmentation.
Product Flexibility: Product ﬂexibility generally is deﬁned as the ability to change 
over to produce a new set of products economically and quickly12. The HIMS is 
ﬂexible enough not only to be easily adjusted to other hospitals in terms of the 
alternative demand of health services, but also to accept changes in order to be 
applied in diﬀerent areas of hospital work and to provide an integrated friendly user 
environment. The requirements for the hospital database may change and integra-
tion arise for several reasons. An example is the management of afternoon hospital 
outpatients sessions. According to Greek regulations these constitute a kind of 
“private consulting room” with distributed hospital locations and functions that are 
diﬀerent from usual outpatient management. As a result Greek public hospitals have 
to issue a special invoice for afternoon consulting rooms for patient charges, with 
a speciﬁc percent of these charges apportioned to the hospital and the rest to the 
physicians. However from an administration point of view, the “private consulting 
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room” belongs to the hospital, and it is autonomous in its personnel choice and in 
the management of its income. 
To put these regulations into eﬀect, the HIMS was ﬂexible enough to support 
a secondary application that not only has interpreted query and update requests 
expressed at the level of all private consulting rooms requirements, but also returned 
the results integrated into the primary application in a homogeneous and suitable 
form for the end-user. 
Machine Flexibility: This type of ﬂexibility refers to the various types of operations 
that the machine can perform without requiring prohibitive eﬀort in switching from 
one operation to another14. The HIMS can be applied in any level RAID (redundant 
array of inexpensive disks) technology, thereby protecting data via their reconstruc-
tion on hard disks, while the whole system continues to function with the redundant 
disks in the system15. The disk arrays usually comprise of N teams of disks, while 
each team comprises of D data disks and C check disks. The miss time of each disk 
follows the exponential distribution where the average time is equal to 1/λ, where 
λ is the rate of arrivals into the system16. More speciﬁcally, the HIMS is applied in 
a server that is one of the world’s fastest 2-way servers, by combining maximum 
performance with ultimate expansion and manageability features. For example, it 
includes sixteen bays with twelve hot-plug hard drive bays, memory expansion, and 
a dual processing support ensuring that it provides the highest level of IT investment 
protection by enabling the server to grow with hospital requirements. 
Expansion Flexibility: Inside the model it is permissible for the gradual expansion as 
well as the addition of new attributes and the suppression of others, without major 
changes to the existing machines. The purpose of this kind of ﬂexibility is to raise 
the level of productivity and competition of healthcare services, which could be a 
comparison among alternative demands of signs for quality in health. Actually, any 
model expansion is widely correlated to the type of dynamic ﬂexibility that refers to 
the ability to deal with uncertainty in the form of unpredictable events, such as new 
ideas, new products, new types of competitors, etc17. 
An example of expansion ﬂexibility is the use of barcode technology to identify 
patients. This oﬀers the potential to be coupled with fast, easy and accurate process-
ing of several administrative and medical procedures such as specimen collection 
and processing, medication ordering and dispensation from the hospital pharmacy, 
medication administration, correct billing, etc.18.
DISCUSSION
In many hospitals IT has been seen as an inhibitor of change, burdened by isolated 
systems, a lack of interoperability, and a poor track record of delivery. However, 
if hospitals are to become truly agile, they must develop an approach to IT that 
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incorporates ﬂexibility in all aspects; from architectural design through to models 
of delivery. One important requirement of hospital IT systems is the transfer of data 
to other organisations for statutory reporting or audit purposes.
Data transition processes are however not a simple generation of a complete data-
set audit and writing it to audit ﬁles. For the transition from HIMS to IIS, a hospital 
Informatics Department needs to identify what data needs to be converted and to 
make plans for the smooth transfer of this data between the systems as needed. This 
makes ﬂexibility of IT systems of great concern, since there are potentially many 
mismatches between HIMS and IIS. To date most of the literature only lists ﬂexibility 
measures in e-health systems but rarely mentions the purposes and criteria against 
which the measure can be judged, qualitatively or quantitatively. 
In this paper we have evaluated our HIMS against several recognised dimen-
sions of ﬂexibility and obtained new insights into the processes and priorities of 
the DBMS tables that must be developed. Flexibility in query design contains a 
number of features that may threaten the concurrency of scheduling tables. Another 
important problem is that optimisation of tables and updates of queries may result in 
new queries leaving transactions in an open state. An important area identiﬁed for 
future work is to test if the modiﬁcation of some tables into a heap instead of hash 
structure increases process ﬂexibility. In summary although our preliminary work 
has demonstrated that the HIMS of St Andrew’s Hospital is ﬂexible enough to query 
design changes and bridge the world between HIMS and the IIS, much further work 
is required to identify what ﬂexibility features are necessary to optimise extraction 
and transfer of data.
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Book Reviews
Adaptive Health Management Information Systems: Concepts, Cases and Practical 
Applications (Third Edition)
Joseph Tan with Fay Cobb Payton (editors)
Jones and Bartlett Publishers
This book is aimed primarily at teachers of Health Informatics and Health Informa-
tion Management Systems. It is organised into ﬁve parts, starting with an introduc-
tion to the foundation concepts underpinning the subject and moving through 
Strategic Management and Planning, System Technology and Applications, Devel-
opment and Methodologies to Standards and Policy. The ﬁnal part of the book 
describes in detail ﬁve case studies which illustrate many of the concepts that are 
described from a theoretical perspective in the earlier parts of the book. As beﬁts a 
book intended for teachers, each chapter is followed by a series of questions which 
can be used to drive discussion or form the basis of coursework assignments. The 
parts are also punctuated by several “Technology Briefs” – short chapters giving an 
outline of topics such as Internet technologies and the fundamentals of databases.
The book is ambitious in scope covering as it does topics as diverse as the role 
of the CEO (Chief Executive Oﬃcer) and CIO (Chief Information Oﬃcer) with 
respect to Health Informatics and the types of CASE tool that might be used in the 
development of a Healthcare System. Inevitably therefore, no topic is covered in 
great detail. The bibliography following each chapter points the reader at other works 
where more details are to be found on the topics covered. For its intended audience 
of students and teachers, the book is an excellent and comprehensive introduction 
to a broad range of topics. For practising professionals in healthcare informatics 
many of the topics covered will not be new. However the chapters on the develop-
ment of policy will provide insights to all concerned with the subject both within 
and outside academia.
As might be expected in a book edited by professors at American universities, 
the book has a US ﬂavour with many of the case studies based on developments that 
have taken place in the USA. Examples from other areas of the world are included 
– notably some discussion of the National Programme for IT in the English NHS. 
Having said this, most of the issues discussed in the book are global in nature, so 
this “bias” does not detract from the usefulness of the work.
Martyn Legge
Solution Director
Computer Sciences Corporation
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Mobile Health Solutions for Biomedical Applications
Philip Olla and Joseph Tan (editors)
Publisher: Medical Information Science Reference (IGI Global)
The use of wireless technologies and mobile systems for healthcare is a growing aca-
demic research area as there are business opportunities associated with them. Mobile 
healthcare or m-health was originally deﬁned as “the use of emerging mobile and 
network technologies and sensors for healthcare applications” and has since become 
one of the key technological areas and applications within e-health. Recent world-
wide economic trends combined with increased global health expenditures and a 
demand for specialist healthcare services have acted as a catalyst for the wider adop-
tion and implementation of advanced mobile healthcare services in diﬀerent care 
settings. 
This monograph represent a good introduction and reading for business and 
medical staﬀ and hospital managers interested in this area. It is particularly directed 
to people that are new to this area with little or no prior knowledge on mobile 
healthcare. It describes a wider range of mobile solutions for diverse clinical and 
biomedical applications.
The book is divided into three major sections; Mobile Health Applications and 
Technologies, Patient Monitoring and Wearable Devices and Context Aware Sys-
tems. Each of these sections contains several contributed chapters.
The ﬁrst section contains six chapters describing diﬀerent mobile solutions 
such as ‘Evaluation of two mobile nutrition tracking applications to chronically 
ill patients’ and a chapter on ‘Medical information representation framework for 
mobile health’ together with other chapters describing the relevant mechanisms 
on mobile health knowledge. This section in general outlines some of the current 
examples of the applications of mobile healthcare systems.
The second section contains eleven chapters from diﬀerent contributors with 
each chapter describing a wide range of wireless patient monitoring and transmis-
sion of diﬀerent vital physiological parameters using existing mobile networks and 
short range communication technologies. This is one of the major research areas 
in mobile healthcare with extensive academic literature in this area in recent years. 
Most of the content of the chapters and papers in this section are of a descriptive 
nature of diﬀerent prototypes of wireless monitoring system that are already com-
mercially available. There is detailed description of the applications of such systems 
and their performance analysis from clinical trials.
The third and ﬁnal section contain four chapters outlining issues such as ‘A 
Framework for capturing patient consent in pervasive healthcare applications’, 
‘Technology enablers for context-aware healthcare applications’ and ’Context-aware 
task distribution for enhanced m-health application performance’. These chapters 
describe generic framework and design issues relating to the modelling and context 
awareness for healthcare issues. This section has less relevance to the characteristics 
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of mobile healthcare applications and consequently less relevance to the main topic 
of the book.
In general, this book is more of a monograph with a collection of papers pre-
sented as chapters describing some basic concepts on mobile healthcare and present-
ing a general perspective of the area. The book is more suited as an introduction to 
readers with no knowledge in this area and should not be considered as a reference 
text book in this emerging and important area. 
Professor Robert S. H. Istepanian
MINT (Mobile Information and Network Technologies) Director
Kingston University,
London, UK
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